Pesticides have revolutionized the modern day of agriculture and substantially reduced crop losses. Synthetic pesticides pose a potential risk to the ecosystem and to the non-target organisms due to their persistency and bioaccumulation in the environment. In recent years, a light-mediated advanced oxidation processes (AOPs) has been adopted to resolve pesticide residue issues in the field. Among the current available semiconductors, titanium dioxide (TiO 2 ) is one of the most promising photocatalysts. In this study, we investigated the photocatalytic degradation of profenofos and triazophos residues in Chinese cabbage, Brassica chinensis, using a Cerium-doped nano semiconductor TiO 2 (TiO 2 /Ce) under the field conditions. The results showed that the degradation efficiency of these organophosphate pesticides in B. chinensis was significantly enhanced in the presence of TiO 2 /Ce. Specifically, the reactive oxygen species (ROS) contents were significantly increased in B. chinensis with TiO 2 /Ce treatment, accelerating the degradation of profenofos and triazophos. Ultra-performance liquid chromatography-mass spectroscopy (UPLC-MS) analysis detected 4-bromo-2-chlorophenol and 1-phenyl-3-hydroxy-1,2,4-triazole, the major photodegradation byproducts of profenofos and triazophos, respectively. To better understand the relationship between photodegradation and the molecular structure of these organophosphate pesticides, we investigated the spatial configuration, the bond length and Mulliken atomic charge using quantum chemistry. Ab initio analysis suggests that the bonds connected by P atom of profenofos/triazophos are the initiation cleavage site for photocatalytic degradation in B. chinensis.
Introduction
Profenofos and triazophos are two important organophosphorus pesticides with moderate toxicity, broad spectrum and excellent efficiency. They are widely used on vegetables, cotton, rice and other crops to control insects and mites throughout the world. However, the extensive use of these two compounds, especially the bioaccumulation of their residues, has caused increasing concerns to both human and the environment. For example, it was demonstrated that profenofos and triazophos can induce DNA damage in freshwater fish [1, 2] . Traditionally, degradation of pesticide residues is accomplished by physical, chemical, and biological methods [3] . However, physical removal is effective for surface residues. Chemical degradation can lead to the secondary pollution. The secondary pollutants, such as ozone, ketones and aldehyde compounds, are derived from the degradation of pesticides. Biological degradation can vary greatly due to the ever-changing environmental conditions. Considerable efforts have been invested in the past few years to develop a method that can effectively eliminate pesticide residuals and other organic contaminants in a consistent basis.
Photocatalytic degradation using advanced oxidation processes (AOP) is a promising new approach to deal with the pesticide residues. Excited by photons, it can breakdown pesticides into H 2 O, CO 2 , and inorganic ions without the secondary pollution. Titanium dioxide (TiO 2 ) is one of the most investigated semiconductors due to its biological and chemical properties, low cost, negligible toxicity, and high performance [4] . Besides pesticide removal, TiO 2 has also been applied in other fields [5] [6] [7] , including environmental purification [8, 9] , food industry [10] , health care [11] and agriculture [12] . Although TiO 2 is relatively new to agriculture, it has attracted the attention of an interdisciplinary team of researchers for the sustainable agriculture in the past few years [13] . TiO 2 nanomaterials are most active under the ultraviolet light due to their wide band gap of approximately 3.2 eV [14, 15] . Ultraviolet light accounts for approximately 10% of the solar energy [16] , it, therefore, limits the application of TiO 2 under the field conditions (e.g., specific intensity and duration of solar illumination, and the physicochemical properties of local soils). To enhance the photocatalytic activity under the visible light, main-group element (Ce, N, C, Ag, etc.) doped nano TiO 2 was extensively applied [17] [18] [19] [20] . Among them, Cerium-doped nano TiO 2 (TiO 2 /Ce) exhibits a strong photocatalytic capability under the visible lights [20] [21] [22] . Liu et al. found TiO 2 /Ce can rapidly degrade dimethoate and acephate in vegetables in the field [23, 24] . Although dimethoate and acephate are organophosphorus pesticides, they, according to their structures, belong to phosphorodithioate and phosphorothiolamidate, respectively. As a result, dimethoate and acephate have different degradation mechanism and efficiency in the presence of TiO 2 /Ce.
In this study, profenofos and triazophos are phosphorothiolate and phosphorothionate organophosphorus pesticides, respectively. Based on our previous knowledge, we hypothesize that TiO 2 /Ce will be effective against the residues of profenofos and triazophos; however, the degradation mechanism and efficiency might be different from other organophosphate pesticides used in the vegetable field. To test this hypothesis, we (1) documented the degradation efficiency of TiO 2 /Ce against profenofos and triazophos residues in vegetables under the field conditions; (2) identified the photodegradation intermediates of these organophosphate pesticides after TiO 2 /Ce treatments; and finally 3) investigated the chemical basis of TiO 2 /Ce-mediated photodegradation using molecular structures of these organophosphate pesticides. Figure 1 shows that the degradation efficiency of profenofos and triazophos increased with time under natural field conditions. At the dosage of 1500 g ai/ha profenofos and 840 g ai/ha triazophos, the degradation efficiency of 34% profenofos and 13% triazophos had been detected in B. chinensis after 1 d without TiO 2 /Ce. Under the application of TiO 2 /Ce at 2400 g ai/ha on the B. chinensis leaves, the degradation efficiency of profenofos and triazophos prominently increased. The degradation efficiency of profenofos and triazophos reached 53.3% and 32.1% after 1 d, respectively. As a promising material, nano-sized TiO2 makes a great contribution to sustainable agriculture concerning plant germination and growth [25, 26] , degradation of pesticides [27] , residue detection [28, 29] , managing diseases and enhancing crop yields [30] . Regarding rapid degradation of organophosphorus pesticides residuals in vegetables using TiO2 in field conditions, Zeng et al. found that degradation of chlorpyrifos and acephate in tomato leaves increased significantly with rare-earth RE 3+ -doped nano-TiO2 [31] , and Liu et al. drew a consistent conclusion that the degradation of acephate and dimethoate in Bok choy accelerated remarkably with TiO2/Ce [23, 24] . The results of this study also confirmed that application of TiO2/Ce improved the degradation of organophosphorus pesticide residues in B. chinensis in field trials. The rapid elimination of pesticide residues using multidoped TiO2 may be a potential alternative in practical agricultural production. In vegetable production, overuse of organophosphorus pesticides and neglection of the recommended safety interval between pesticide application and harvest often lead to residual amount of pesticide in vegetable exceeding the standards established by the governments. TiO2/Ce can be applied to targeted vegetables 1-3 d before harvest, which can significantly reduce the pesticide residues and shorten the recommended safety interval. However, the difference of degradation efficiency may be heavily dependent on several factors, including catalyst dosage, pesticide concentration, chemical structures, and pH of the reaction system [23, 32] .
Results and Discussion

Degradation Efficiency
Reactive Oxygen Species (ROS) Content and Phytotoxicity
To find the possible cause of the rapid degradation of profenofos and triazophos in the photocatalysis process, reactive oxygen species (ROS) content and phytotoxicity were measured. Figure 2 shows that ROS content in B. chinensis treated with TiO2/Ce was higher than their corresponding untreated controls, suggesting that the application of TiO2/Ce can increased the ROS contents in B. chinensis. One day after treatment, the ROS contents were 5.51 ng/g and 2.00 ng/g in the photocatalysis process of triazophos with and without TiO2/Ce. Similarly, 5.35 ng/g and 4.15 ng/g in the profenofos photocatalysis process were detected. As a promising material, nano-sized TiO 2 makes a great contribution to sustainable agriculture concerning plant germination and growth [25, 26] , degradation of pesticides [27] , residue detection [28, 29] , managing diseases and enhancing crop yields [30] . Regarding rapid degradation of organophosphorus pesticides residuals in vegetables using TiO 2 in field conditions, Zeng et al. found that degradation of chlorpyrifos and acephate in tomato leaves increased significantly with rare-earth RE 3+ -doped nano-TiO 2 [31] , and Liu et al. drew a consistent conclusion that the degradation of acephate and dimethoate in Bok choy accelerated remarkably with TiO 2 /Ce [23, 24] . The results of this study also confirmed that application of TiO 2 /Ce improved the degradation of organophosphorus pesticide residues in B. chinensis in field trials. The rapid elimination of pesticide residues using multi-doped TiO 2 may be a potential alternative in practical agricultural production. In vegetable production, overuse of organophosphorus pesticides and neglection of the recommended safety interval between pesticide application and harvest often lead to residual amount of pesticide in vegetable exceeding the standards established by the governments. TiO 2 /Ce can be applied to targeted vegetables 1-3 d before harvest, which can significantly reduce the pesticide residues and shorten the recommended safety interval. However, the difference of degradation efficiency may be heavily dependent on several factors, including catalyst dosage, pesticide concentration, chemical structures, and pH of the reaction system [23, 32] .
To find the possible cause of the rapid degradation of profenofos and triazophos in the photocatalysis process, reactive oxygen species (ROS) content and phytotoxicity were measured. Figure 2 shows that ROS content in B. chinensis treated with TiO 2 /Ce was higher than their corresponding untreated controls, suggesting that the application of TiO 2 /Ce can increased the ROS contents in B. chinensis. One day after treatment, the ROS contents were 5.51 ng/g and 2.00 ng/g in the photocatalysis process of triazophos with and without TiO 2 /Ce. Similarly, 5.35 ng/g and 4.15 ng/g in the profenofos photocatalysis process were detected. ROS has strong oxidation characteristics that accelerate the degradation of profenofos and triazophos in Chinese cabbage, B. chinensis. However, 4 h after the treatment with TiO2/Ce hydrosol, some young leaves curled inward, indicating slight phytotoxicity to B. chinensis (Figure 3 ). There are two possible reasons for the plant injury. One major factor is related to ROS content, which dramatically increased under the TiO2/Ce exposure. Some evidence indicated that the different ROS types have differing abilities to cause cytotoxic properties due to oxidative damage [33] [34] [35] , which may result in growth inhibition of B. chinensis. Another possible factor is associated with the degradation metabolites of profenofos and triazophos, which would be harmful to the growth of vegetables. The phenomenon of pesticide residues and their phytotoxic metabolites was reported by Sirons et al. [36] . However, there was no phytotoxicity during the photocatalytic degradation of dimethoate in bok choy using TiO2/Ce in the field trials [24] . This inconsistency may be a result of differential degradation products. The injured leaves recovered 24 h after the treatment, and no significant adverse effects were observed in the yield. It merits further investigation whether this slight phytotoxicity of TiO2/Ce to B. chinensis has negative effects on the qualities and nutritions after treatment of food products. 
Degradation Byproducts and Molecular Structure
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To investigate the extent of degradation, ultra-performance liquid chromatography-mass spectroscopy (UPLC-MS) analysis was adopted to detect the degradation byproducts generated from the photodegradation reaction system. Figure 4 shows the mass spectrum of profenofos and triazophos and their degradation byproducts. In the analysis of mass spectrum, it was found that the retention times of 5.664, 6.719, 5.156 Figure 4C ) and 1-phenyl-3-hydroxy-1, 2,4-triazole (C 8 H 7 N 3 O) ( Figure 4D ). These compounds were further identified by matching their retention times and mass spectrum with standards under the same UPLC-MS analysis conditions. Figure 4A ), 4-bromo-2-chlorophenol (C6H4BrClO) ( Figure 4B ), triazophos (C12H16N3O3PS) ( Figure 4C ) and 1-phenyl-3-hydroxy-1, 2,4-triazole (C8H7N3O) ( Figure 4D ). These compounds were further identified by matching their retention times and mass spectrum with standards under the same UPLC-MS analysis conditions. A major metabolic product of profenofos, 4-bromo-2-chlorophenol was widely reported in the photolysis [37] , hydrolysis [38] , and biodegradation [39, 40] . However, there has been no relevant report on photocatalytic degradation products of profenofos using TiO2. Amalraj et al. [41] Investigated the kinetics of photodegradation of profenofos without focusing on degradation products. Likewise, as a major intermediate of triazophos, 1-phenyl-3-hydroxy-1, 2,4-triazole was identified in the degradation process of photolysis [42] , hydrolysis [43, 44] , and biodegradation [45, 46] , while 1-phenyl-3-hydroxy-1, 2,4-triazole was detected in the photocatalytic degradation of triazophos in aqueous TiO2 suspension [47] .
According to the structure of profenofos, triazophos, and their metabolites, P-O cleavage of the two targeted pesticides leads to the formation of degradation products 4-bromo-2-chlorophenol and 1-phenyl-3-hydroxy-1, 2,4-triazole, respectively. Bond length and Mulliken atomic charge have been used extensively in quantum chemistry to evaluate the strength of chemical bonds, which is the primary target for pesticide degradation. By calculating the values of bond length and the point charge we can predicte the adsorption sites on TiO2 particles and the weak position of the molecule in the initial reaction process [48] .
To confirm the initial oxidative cleavage site of profenofos and triazophos molecule, bond lengths and Mulliken atomic charges of profenofos and triazophos were calculated based on the optimal geometry conformation of profenofos and triazophos molecules obtained at STO-3G set of Restricted Hartree-Fock (RHF/STO-3) level. The spatial configurations of profenofos and triazophos molecules are shown in Figure 5 . Table 1 shows the bond lengths between main atoms in profenofos and triazophos molecules. In the profenofos molecule, the bond lengths between P 13 -S 15 , C 6 -Br 10 , C 2 -Cl 11 , P 13 -O 26 and P 13 -O 12 are 2.1100 × 10 −10 , 1.91000 × 10 −10 , 1.78000 × 10 −10 , 1.76000 × 10 −10 , 1.76000 × 10 −10 , and 1.76000 × 10 −10 m, respectively, which are longer than other bonds. Similarly, the bond lengths between P 19 -S 20 in the triazophos molecule is the longest with the value of 1.85680 × 10 −10 m, followed by the bond lengths between P 19 -O 18 , P 19 -O 21 and P 19 -O 22 with the same value of 1.76000 × 10 −10 m. According to negative A major metabolic product of profenofos, 4-bromo-2-chlorophenol was widely reported in the photolysis [37] , hydrolysis [38] , and biodegradation [39, 40] . However, there has been no relevant report on photocatalytic degradation products of profenofos using TiO 2 . Amalraj et al. [41] Investigated the kinetics of photodegradation of profenofos without focusing on degradation products. Likewise, as a major intermediate of triazophos, 1-phenyl-3-hydroxy-1, 2,4-triazole was identified in the degradation process of photolysis [42] , hydrolysis [43, 44] , and biodegradation [45, 46] , while 1-phenyl-3-hydroxy-1, 2,4-triazole was detected in the photocatalytic degradation of triazophos in aqueous TiO 2 suspension [47] .
According to the structure of profenofos, triazophos, and their metabolites, P-O cleavage of the two targeted pesticides leads to the formation of degradation products 4-bromo-2-chlorophenol and 1-phenyl-3-hydroxy-1, 2,4-triazole, respectively. Bond length and Mulliken atomic charge have been used extensively in quantum chemistry to evaluate the strength of chemical bonds, which is the primary target for pesticide degradation. By calculating the values of bond length and the point charge we can predicte the adsorption sites on TiO 2 particles and the weak position of the molecule in the initial reaction process [48] .
To confirm the initial oxidative cleavage site of profenofos and triazophos molecule, bond lengths and Mulliken atomic charges of profenofos and triazophos were calculated based on the optimal geometry conformation of profenofos and triazophos molecules obtained at STO-3G set of Restricted Hartree-Fock (RHF/STO-3) level. The spatial configurations of profenofos and triazophos molecules are shown in Figure 5 . Table 1 shows the bond lengths between main atoms in profenofos and triazophos molecules. In the profenofos molecule, the bond lengths between P 13 -S 15 , C 6 -Br 10 , C 2 -Cl 11 , P 13 -O 26 and P 13 -O 12 are 2.1100 × 10 −10 , 1.91000 × 10 −10 , 1.78000 × 10 −10 , 1.76000 × 10 −10 , 1.76000 × 10 −10 , and 1.76000 × 10 −10 m, respectively, which are longer than other bonds. Similarly, the bond lengths between P 19 -S 20 in the triazophos molecule is the longest with the value of 1.85680 × 10 −10 m, followed by the bond lengths between P 19 -O 18 , P 19 -O 21 and P 19 -O 22 with the same value of 1.76000 × 10 −10 m. According to negative correlation between bond energy and bond length [49] , the above longer bonds tend to cleave when attacked by ROS. This means the P 13 26 1.76000 C 17 -C20 1.50713 P 13 -O 12 1.76000 O 26 -C 27 1.43000 P 13 -S 15 2.11000 C 27 -C 28 1.50025 C 16 -S 15 1.78000 O 12 -C 3 1.43000 C 3 -C 4 1.39543 C 1 -C 2 1.39516 C 4 -C 5 1.39483 C 2 -Cl 11 1.76000 C 5 -C 6 1.39514 C 2 -C 3 1.39471 C 6 -Br 10 1.91000 C 6 -C 1 1.39483
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Based on the Mulliken atomic charges of profenofos and triazophos (Table 2) , the P 13 atom is located at the profenofos molecule, and the P 19 atom is located at the triazophos molecule. They are the largest positive point charges, with values 1.020008 and 1.018974, respectively, suggesting that the P 13 atom in the profenofos molecule and the P 19 atom in the triazophos molecule are the most likely to be attacked by nucleophilic reagents such as H 2 O and OH − . This also demonstrates the bonds between atoms connected with phosphorus atom are the vulnerable site in the profenofos and triazophos molecule. Therefore, the P 13 -S 15 , C 6 -Br 10 , C 2 -Cl 11 , P 13 -O 26 , P 13 -O 12 bond in the profenofos molecule and P 19 -S 20 , P 19 -O 18 , P 19 -O 21 and P 19 -O 22 bond in the triazophos molecule are weaker sites under attack, which is in accordance with the results of bond length. This demonstrates that the P 13 in the profenofos molecule and the P 19 bond in the triazophos molecule are the possible degradation initiation sites of profenofos and triazophos. In addition, there is a phosphoester bond in the profenofos molecular structure and a phosphorothioate ester bond in the triazophos molecular structure. The hydrolysis of ester bonds can lead to the generation of 4-bromo-2-chlorophenol and 1-phenyl-3-hydroxy-1, 2,4-triazole, respectively. This metabolic process was confirmed in the degradation of profenofos in melon [50] and of triazophos in paddy soil [43] . This is a common metabolic process during the decomposition of organophosphorus pesticides [51] . However, hydrolysis is the reaction related to the substitution reaction of a nucleophilic group, and it is relatively slow and impractical to treat the pesticide residues in the field conditions. Photocatalytic degradation is a process of the chemical bond cleavage of molecules associated with the pesticide molecular and other quantum parameters (e.g., bond length, atomic charges). TiO 2 -based photocatalysis was a rapid and efficient degradation. It simultaneously is able to completely mineralize the atom carbon (C), hydrogen (H), sulfur (S) and nitrogen (N) in the pesticide molecular into CO 2 , H 2 O, into SO 4 2− , NO 3 − ions [52] . Further work is needed to confirm whether TiO 2 -based photocatalysis and hydrolysis may coexist in the degradation of profenofos and triazophos.
Materials and Methods
Materials
Seeds of the Chinese cabbage, Brassica chinensis, were brought from Guilin Huifeng Seed Co., Ltd. (Guangxi province, China). Nano TiO 2 /Ce (0.6% hydrosol, the average particle size of 10 nm, and the absorption onset of 455 nm) was obtained from the Panzhihua Iron & Steel Group Co. (Sichuan province, China). Standards of profenofos (95% purity) and triazophos (70% purity) were bought from Dr. Ehrenstorfer (Augsburg, Germany). The formulations of profenofos (50% emulsifiable concentrate, EC) and triazophos (20% EC) were purchased from local vendors of Jiangsu Futian Co., Ltd. (Jiangsu province, China) and Xiangtan Shaoshan Co., Ltd. (Hunan province, China), respectively. Enzyme-linked immunoassay (ELISA) Kit of plant ROS was purchased from Tsz Biosciences (San Francisco, CA, USA). Methanol and acetone (chromatographical grade) were purchased from Tedia Company Inc. (Fairfield, OH, USA).
Sample Preparation
Photodegradation of profenofos and triazophos using TiO 2 /Ce was carried out at the research station of Hunan Agricultural University. All field trials were strictly followed the Guideline on Pesticide Residue Trials (NY/T 788-2004) issued by the Ministry of Agriculture, People's Republic of China. According to the guideline, it is not necessary to reapply pesticides or take into account of dew's effect during the pesticide residue trial if no rainfall occurs within the first two hours of pesticide application in the field. The pesticide dosage is calculated by the plot area, not by the foliage area. In this study, the impact of environmental factors (e.g., the amount of sunlight) was the same for both control and TiO 2 /Ce treatment because all experiments were carried out within the same vegetable plot in a randomized design. That been said, the uncontrollable nature of the enviromental factors could, potentially, impact the outcome of this research. Brassica chinensis seeds were directly sowed in the field. After 25 d of growth, B. chinensis were sprayed with 50% profenofos EC at 1500 g ai/ha and 20% triazophos EC at 846 g ai/ha, a 2X recommended dosage in the field to facilitate the detection of degradation products. After 2 h of pesticide application, TiO 2 /Ce hydrosol was sprayed to the same B. chinensis plant at 2400 g ai/ha, the optimum concentration of TiO 2 /Ce on organophosphorus pesticides degradation [23, 24] . Pesticide-treated B. chinensis, without TiO 2 /Ce hydrosol application, was used as the control. After 0, 1, 2, 3, 4, 5, and 6 d, B. chinensis were collected using a 5-point sampling approach. The extraction, concentration, purification of profenofos, triazophos and their degradation products in B. chinensis were followed Liu et al. [24] . Specifically, 20 g of shredded B. chinensis samples, 50 mL of acetonitrile, and 5 g of sodium chloride were placed into a glass centrifuge tube for 3-min homogenization at 15,000 rpm/min, and then centrifuged for 5 min at 5000 rpm/min. The resultant 10 mL of supernatants were purified by the solid phase extraction (SPE) column. The eluents were concentrated to dryness by a rotary evaporator at 40 • C, and the residues were dissolved, respectively, in 2 mL acetone for GC analysis and 2 mL methanol for UPLC-MS analysis.
GC analysis
To assess the photocatalytic degradation efficiency, the amount of profenofos and triazophos residue in B. chinensis was determined by GC-2010 (Shimadzu, Kyoto, Japan). The GC analysis conditions of profenofos and triazophos are shown in Table 3 . Table 3 . Gas chromatography analysis conditions. Programmed at 150 • C, kept for 1 min, then increased from 150 • C to 240 • C at 10 • C/min, and kept at 240 • C for 5 min.
Analysis Conditions Profenofos Triazophos
Programmed at 120 • C, kept for 1 min, next increased from 120 • C to 200 • C at 20 • C/min, kept for 6 min, then from 200 • C to 240 • C at 20 • C/min, and kept at 240 • C for 6 min.
ROS Assay
To determine the possible cause of the rapid degradation of profenofos and triazophos in the presence of TiO 2 /Ce, ROS content in B. chinensis was measured after 1, 2, 3, 4 and 5 d of TiO 2 /Ce application. The ROS content was measured using ELISA method described by Liu et al. [24] in combination with the instructions of the ELISA Kit of plant ROS.
UPLC-MS Analysis
B. chinensis samples were collected for UPLC-MS analysis 1 d after TiO 2 /Ce application. The degradation products of profenofos and triazophos in Chinese cabbage were detected using UPLC-MS (Waters Corp, Milford, MA, USA). UPLC-MS analysis conditions were set by Liu et al. [24] . The data from UPLC-MS detection abundance were analyzed using MassLynx V4.1 software (Waters Corp., Milford, MA, USA).
RHF/STO-3G Calculation
At first, the optimal spatial geometry conformations of profenofos and triazophos molecule were predicted at STO-3G set of Restricted Hartree-Fock (RHF/STO-3G) of the software GaussView 3.08. Then, the bond length and the Mulliken atomic of profenofos and triazophos molecule were calculated.
Data Analysis
There were three replications for each treatment in all experiments. The degradation efficiency was calculated using the equation: η = (P t − P 0 )/P 0 × 100%, where η is the degradation efficiency of profenofos or triazophos, P 0 and P t denotes the amount of profenofos or triazophos in B. chinensis before TiO 2 /Ce hydrosol treatment and after application of TiO 2 /Ce for t days, respectively.
Conclusions
The photocatalytic degradation of profenofos and triazophos in B. chinensis has been studied by TiO 2 /Ce hydrosol under the field conditions. The degradation rate of profenofos and triazophos were much faster with TiO 2 /Ce than that of direct natural degradation. One of the reasons for the rapid degradation was the increase ROS generated by TiO 2 /Ce. Degradation products were identified as 4-bromo-2-chlorophenol from profenofos and 1-phenyl-3-hydroxy-1, 2,4-triazole from triazophos, confirmed by quantum chemistry analyses. Photocatalytic degradation of profenofos or triazophos shows great promise as an effective semiconductor to remove pesticide residues in vegetables.
